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ABSTRACT: Water has a huge influence on the physical behaviour and mechanism of an expansive soil to cause 
problems in structure. To reduce the damage, soil stabilization methods are needed in order to reduce the cracks and 
swelling potential. This paper tried to work with adding polypropylene fibres (C3H6) into the compacted clay and 
compared the effect before and after addition. CIF (Crack Intensity Factor) is used as a parameter to evaluate the 
drought cracked soil. Through testing ground cracks with fiber glass percentage of 0 % , 0.2 % , 0.4 , and 0.8 % ; 
greatest CIF value obtained in soil samples with 0 % glass fibber with a value of 12.49 % CIF and CIF value obtained 
on the sample with the lowest fibber content of 0.8 % to 0.1% of CIF value. Wet Dry Cycle Treatment after the samples 
are given in the stabilization of the resulting fibber CIF value will increase during the wet cycle - the next dry. After 
Wet Dry cycles (5 cycles) CIF value for 0 % fibber content increased from 7.24 % to 7.31%, while for the fibber 
content of 0.8 % of CIF value increased from 0.23 % to 0.27 %.The results also showed that the percentage of the 
volume of compacted soil cracks decreases with the addition of fibre, and also causes a decrease in the value of CIF.  
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INTRODUCTION 
 
In the world of civil engineering, soil is an integral 
part in the planning of civil engineering structures. Soil 
has an important role because the entire civilian 
buildings located on the land. Soil is an important part of 
the system in civil engineering construction, as part of 
the system, the strength and stability of the land is 
required to support the construction. Soil has different 
specifications of any kind, so it requires different 
handling both mechanically and chemically. The 
handling can not be separated because the closely 
interconnected with each other. If treatment is not done 
properly, there will be civil structural damage caused by 
the reaction of soil either mechanically or chemically. 
Water is a huge influence on the physical behavior 
and mechanisms. Therefore the use of clay as a 
construction material, soil moisture holding a very 
important role. In the form of dry mass, expansive soil 
has enormous power, when added to water will behave 
plastically with large clay content causes an increase in 
pressure expands, and its power is much reduced. 
Therefore it is very necessary to have a method of 
expansive soil improvement that can be applied in 
Indonesia to tackle the problems faced by them. Soil 
stabilization is generally associated with soil that has a 
low carrying capacity that is mixed with additional 
ingredients to increase the carrying capacity of the soil. 
To reduce the impact of the above required 
mitigation or soil improvement methods that can be 
applied and developed. Stabilization of clay will do this 
by adding the following type of fiber material 
ispolypropylene fibers into the clay. Selection of 
polypropylene as a stabilizer, because polypropylene has 
a high impact strength so it can increase the strength of 
clays in the receiving load. 
 
METHODOLOGY 
 
1. Testing of Soil Properties Index 
a) Water Content 
b) Specific Gravity 
c) Sieve Analysis 
2. Mechanical Testing Soil 
a) Standard Proctor Compaction Testing 
b) Desiccation Crakcs Test 
 
Sample Preparation 
The test specimen made by mixing the ingredients 
with Expansive Soil stabilization of polypropylene fiber. 
As for The Desiccation Cracks Test, the specimen were 
made by using a pipe with a diameter of 30 cm and 10 
cm of height, soil samples adjusted to the maximum dry 
unit weight and optimum moisture content of the soil 
mixture and stabilizing agent used by standard proctor 
compaction test in laboratory. 
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1. Sample Fabrication 
Soil samples were put in the oven for 24 hours at a 
temperature of 110°C to get dry conditions. The sample 
density obtained through compaction test mixture while 
mixing variations were calculated based on the dry 
weight of sand soil. 
2. Stage of Mixing 
a. Dry soil that has been weighed mixed with a 
stabilizing agent in accordance with the determined 
fiber variation for 3-5 minutes using a mixer to 
ensure that the fiber has been mixed and spread 
evenly. 
b. Water then added into the soil-fiber mixture and 
stirred again until well blended. 
c. The mixtures were put in a covered place for 
approximately 24 hours to gain evenly mixtures and 
maintained the water content. 
3. Molding Stage 
a. Mixture with a weight that has been determined 
based on the test results included gradual 
compaction and compaction in layers in a pipe with 
a diameter of 30 cm and height 10 cm. 
b. While the drying process was done by exposing the 
sample directly in the sun for 15 days. 
 
 
RESULTS AND DISCUSSIONS 
 
Characteristics of Soil Physical Examination 
 
Laboratory research include the study of expansive 
soil samples that will be stabilized using polypropylene 
fiber. Initial tests were conducted to get the basic 
parameters of soil properties. 
Some of the parameters are Plasticity Index, 
Activity, Liquid Limit, Plastic Limit. Based on the grain 
size analysis and Specific Gravity (GS), the soil can be 
classified into several groups in order to obtain the same 
perceptions on soil type and soil properties. 
Type of laboratory testing conducted to determine 
the characteristics of the soil in this study include: 
1. Water Content 
2. Specific Gravity 
3. Sieve Analysis 
4. Atterberg Limits 
 
Table 1 Recapitulation of Soil Characteristics 
Investigation Result 
Laboratory 
Test 
Result 
1. Water 
Content  
2. Specific 
Gravity 
3. Atterberg 
Limits 
 
 
1) 11,14 % 
2)  
3) 2,67 
 
 
4) LL  = 88,00 % 
5) PL  = 40,15 % 
6) SL  = 25,13 % 
 
 
4. Granular 
Gradation 
 
5. Soil 
Clasification 
7) IP   = 47.85 % 
8) A    = 8.51% 
Sand= 4.36 % 
Silt and clay =89.64 % 
 
USCS Inorganic clays with  
medium to high plasticity. 
AASHTO         A-7-5ClaySoil. 
 
Mechanic Characteristic  
 
Standard proctor compaction test results of each 
mixtures show variation of dry bulk density value ( Ɣdry) 
and optimum moisture content (Wopt) .Both of these 
values will be used as a reference density in the making 
of test specimens. The Variation of compaction results  
can be seen in Table 2. 
 
Table 2 Recapitulation  
Polypropylene Fiber  Ɣdry Wopt  
(%) (gram/cm
3
) (%) 
Soilwithout Fiber 1,19 42,59 
Soilwith Fiber 0.2% 1,22 41,87 
Soilwith Fiber 0.4% 1,26 40,28 
Soilwith Fiber 0.8% 1,27 39,86 
 
The results of standard proctor compaction test 
showed that adding more fiber into the sample resulting 
in decreasing optimum water content, while the dry 
volume ( Ɣdry) increases. This caused by the presence of 
fiber that fills the pores in the soil that should be filled 
with water, it also affects the volume of dry soil.  The 
entry of fiber in soil pore volume resulted in increased 
dryness. 
 
Fig 1 Relation between Dry Unit Weight and Optimum 
Water Content. 
 
Characteristics of Expansive Soil Cracks  
 
The cracks test shows shrinkage cracks and fractures 
of soil surface. Experiment using mercury (Hg) liquid on 
the less fiber mixture shows more cracks and shrinkage 
than the mixture with more fiber. The volume of soil 
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after drying for each fiber levels of of beginning volume 
of 7071.42 cm ³ soil. 
The volume of sample with no fiber reduced to 
5606.97 cm ³ or  about 20.7% from the initial volume. 
The sample with 0.2% fiber content reduce its volume to 
5876.28 cm ³ or about 16.9% of the initial volume. As 
for soil with the 0.4% of fiber content, the volume of soil 
decrease less than previous samples, that is 6317.33cm³ 
or approximately 10.6% of the initial soil volume. 
Meanwhile smallest reduction of volume after drying is 
the sample with fiber content of 0.8% (reduced to 
6519.28 cm³, about 7.8% of the initial soil volume). 
Relation of fiber content and soil volume after drying 
can be seen in figure 2. 
 
Fig 2 Relation Graphs Fiber Levels with Volume of Dry 
Soil 
 
Shrinkage limit of each fiber content could be seen 
in Figure 3. Sample with no fiber addition has the 
shrinkage limit of 25.51%, then increased to 28,27%, 
33.8%  for sample with 0,2%, and 0,4%, respectively. 
For samples with a fiber content of 0.8%, value of 
shrinkage limit increased to 36.15% from 10.64% in 
natural soil shrinkage limit. From these data it can be 
seen that the increase of fiber in soil resulted in the 
increase of shrinkage limit on the soil. The existence of 
polypropylene fibers resulting in the increase of ductile 
properties of soil, which cause soil with fiber addition 
has an increasing of shrinkage limit along with fiber 
content. 
 
Fig 3  Relation of Shrinkage Limits and Fiber Content 
 
After being dried for 15 days, there were cracks on 
the soil samples for all variation of fiber content. 
Variations in the depth of cracks is also affected by the 
addition of fiber content. Measurements performed 
manually in the experiments using the wire by inserting 
a thin wire into the soil to crack the basic rift. Acquired 
greatest crack depth in soil samples with 0% fiber with a 
depth of up to 9 cm crack, or cracks to the base soil and 
the depth of cracks obtained at least 0.8% in fiber with 
crack depth to 0.4 cm. On the soil with the 0.2% fiber 
obtained from observations of the maximum crack depth 
is 3 cm and the minimum depth is 1 cm. Insoilwith0.4% 
fiber obtained from observations of the maximum crack 
depth is the minimum depth of 1cm an dia 0.7cm. 
Length and width of the data are needed to calculate 
the area of cracks. The cracks area on the soil can be 
calculated by using Auto Cad software. This software 
can calculate the area by identifying the color, making it 
easier to calculate the area of the crack accurately. In this 
experiment the sample with cracks is marked with black 
while for areas that are not fractured samples marked 
with gray as in figure 4 below. 
 
 
  
    (a)         (b)  
 
 
       (c)        (d) 
 
Fig 4 The results of calculations with Auto Cad Software. 
(a) Soil with no fiber addition (b) Soil with a fiber 
content of 0.2% (c) Soil with a fiber content of 0.4% (d) 
Soil with a fiber content of 0.8% 
 
The maximum width of cracks found on the soil 
with a fiber content of 0% and 0.2%, ie1.2 cm, but 
overall all mixtures have similar widh of cracks. 
The longest cracks obtained on the sample with no 
(0%) fiber content that is 35,4 cm, while the shortest 
crack on the 0,8% fiber content. The length of cracks in 
other samples tend to be inversely related to the addition 
of fiber. 
From the results of calculations using Auto Cad 
program data showed extensive cracking on the surface 
of the small sample obtained on samples which coined 
the greatest fiber is 0.8% with an area of 1,002 cm² and 
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the surface area of most large crack was found in soil 
samples with fiber 0% with an area of 46.676 cm². As 
for the fiber content of 0.2% and 0.4%, has a wide 
surface cracks at 15.244 cm² and 3.110 cm². 
 
The Crack Intensity Factor (CIF) is used as a 
parameter to evaluate the drought cracked soil. CIF is 
defined as the CIF = Ac/At, where Ac is the area of the 
drying crack width is more than 1 mm and At is the total 
surface area soil. From the test results can be determined 
most large CIF value obtained on soil with a fiber 
content of 0% is equal to 7.52% and the lowest CIF 
value found in soil with 0.8% fiber content is 0.15%. On 
the soil with a fiber content of 0.4% of CIF value 
generated is 0.47%. As for the soil with 0.2% fiber 
content of the CIF value generated is 2.32%. 
 
Fig 5  Fracture Intensity Factor Graphs 
 
In figure 5, it can be seen that the CIF value is 
influenced by the addition of polypropylene fiber. The 
greater the fiber is added to the soil the lesser of CIF 
value of soil samples.This behavior influenced by the 
nature of the polypropylene fiber to become micro 
reinforcement and enhancing soil dactility thereby 
reducing cracks on the soil. 
 
Effect of Wetting and Drying Cycles on Characteristics 
Cracks of Expansive Soil  
 
Wet-dry cycles do affect the volume of development. 
From the tests performed showed from the first cycle of 
wetting the soil with 0% fiber content, increased from an 
initial volume of 7071.43 cm ³ be 8485.71 cm3, an 
increase of 20% of the initial volume. For soil samples 
with 0.2% fiber content, the volume increased to 
8273.57 cm3, an increase of 17% of the initial volume. 
For soil samples with 0.4% fiber content becomes 
8132.14 cm3 volume or an increase of 15% of the initial 
volume. While the increase in the volume of the smallest 
in the soil sample with 0.8% fiber content to be 7672.50 
cm3 volume increase or an increase of 8% of the initial 
volume. 
Along with the number of wetting cycles, volume 
change is gradually decrease with the increase of the 
cycles. On the 5th cycle of the sample with no fiber 
addition, the volume increased from initial volume of 
7071.43 cm ³ to 7637.14 cm3 or only increased by 8% of 
the initial volume. For soil samples with 0.2% fiber 
content becomes 7601.79 cm
3
 volume or an increase of 
8% of the initial volume. For soil samples with 0.4% of 
fiber content the volume increase to 7559.36 cm
3
 or 
increased 7% of the initial volume. In soil samples with 
0.8% fiber content to be 7368.43 cm
3
volume increase or 
an increase of 4% of the initial volume. This can be seen 
in the graphs 6 and 7 below which show the change in 
volume by mixing fiber into each sample. 
 
The volume of test samples for each swelling in fiber 
from the first cycle to the 5th cycle of decline as the 
number of wet dry cycles. Treatment of wet-dry cycles 
cause the value of swelling will decrease until it reaches 
a constant value. 
  
 After immersion test for 15 days of drying, the soil 
volume change decreases with the number of cycles. 
The volume here is the dry soil volume substracted with 
the volume of cracks formed. For the first cycle, the soil 
samples with 0% fiber content of soil samples was 
reduced to 5853.86 cm ³ or reduced by about 17.22% of 
the initial volume of the soil. For soil with 0.2% fiber 
content, the soil volume was reduced to 5814.31 cm ³ or 
reduced by about 17.78% of the initial soil volume. For 
soil with 0.4% fiber content, the soil volume was 
reduced to 5996.55 cm ³ or reduced by about 15.2% of 
the initial soil volume. And the fiber content of 0.8%, 
the volume of 6040.35 cm ³ soil be reduced by about 
14.58% of the initial soil volume. 
  
 It was found that the smallest volume of shrinkage 
occurs in soil samples without fiber, while the largest 
occur in soil samples with 0.8% fiber. Along with the 
drying cycle occurs, the volume of soil samples with 
fiber levels decreased in each cycle. This volume 
change can be seen in chart 8 and 9 graph below 
showing the relationship of each volume changes in 
fiber with a number of drying cycles. 
 
  While the value of Crack Intensity Factor (CIF) in 
getting test results (before testing wet-dry cycle) is the 
largest CIF value obtained on the ground with a fiber 
content of 0% and the lowest CIF value found in the soil 
with 0.8% fiber content. After all the samples undergo 
wet-dry cycles repeatedly found that the vast fissures of 
each sample increases with the number of cycles. 
   
  From the figure 10 it can be seen that the CIF value 
after given treatment of Wet-Dry Cycles have increased 
in the sample in each fiber stabilization with a wet-dry 
cycle is complete. CIF value will increase during the 
wet cycle - the next dry, with cracks appearing again in 
first location of the wet-dry cycle. In addition, the 
dimensions of the crack appears to increase with 
increasing number of cycles of wet - dry. 
   
  It can be seen that in the sample with a fiber content 
of 0.2% for the first cycle until the cycle has increased. 
In the 4th cycle to the 5th digit is only a small increase 
of 0.01%. For the fiber content of 0.4% of CIF value  
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Fig 6  Volume change due to the development of a soil sample wetting cycle (a, b, c, d) 
 
Fig 7. Effect of fiber content on the volume of soil after wetting cycles 
 
FIBER CONTENT 0% 
FIBER CONTENT 0,2% 
FIBER CONTENT 0,8% 
FIBER CONTENT 0,4% 
FIBER CONTENT % 
CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 INITIAL VOL 
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Fig 8 Relationship of shrinkage volume due to drying (a, b, c, d) 
 
Fig 9  The effect of fiber content on the volume of soil after drying cycle 
 
FIBER CONTENT 0% FIBER CONTENT 0,2% 
FIBER CONTENT 0,4% FIBER CONTENT 0,8% 
CYCLES
  
CYCLES
  
CYCLES
  
CYCLES
  
CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 INITIAL VOL 
FIBER CONTENT % 
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Fig 10  Crack Intensity Factor graphs for each Wet – 
Dry Cycle 
 
increases along with each cycle, and it has same value 
of CIF (0,6%) at the 4
th
 and 5
th
 cycle. As for the soil 
with the fiber content of 0.8% the increase of CIF 
happen until the 3rd cycle, the next cycles have the 
same value of 0.27%. The increase of CIF value for 
each  mixtures can be seen in the following table. 
 
Table 3  Recapitulation of CIF value (%) of each Wet - 
Dry cycle. 
 
CYCLE 
FIBER CONTENT 
0,0% 0,2% 0,4% 0,8% 
I 7,24 2,67 0,50 0,23 
II 7,22 2,69 0,54 0,26 
III 7,23 2,73 0,59 0,27 
IV 7,29 2,76 0,60 0,27 
V 7,31 2,77 0,60 0,27 
 
  Soil that experiencing dry wet cycle will have up 
and down movement because of the swelling and 
shrinkage. The movement tends to stabilize after 
experiencing cycles of wetting and drying. 
 
 
 
 
CONCLUSIONS 
 
Based on the laboratory research results, these 
following things can be concluded: 
1. Observed soil is clay soil with the value of the 
original Soil Water Content of 11.14%, Specific 
Gravity (Gs) of 2.67 (cohesive soil), Atterberg limit 
value of LL = 88.00%; PL = 40.15%, SL = 25.13%, 
IP = 47.85%, A = 8:51%, and Gradation values for 
grain amounted to 4.36% sand and clay to silt falls 
and amounted to 89.64%. 
2. The addition of fiber in compacted clay causes 
advantageous changes in the engineering properties 
of the soil. Volume of soil is change inversely after 
drying with the addition of fiber. This is due to the 
optimum moisture content and dry unit weight of soil, 
sample with greater fiber content of the dry weight of 
the soil resulted into increased and decreased so that 
the optimum moisture content during drying, loss of 
soil volume deviation from the initial soil volume 
less. 
3. The addition of fiber in the samples resulting in a 
decrease in CIF (Crack Intensity Factor) significantly. 
In the study it was observed that the reduction of 
fracture is affected by the inclusion of fiber in the 
soil. Reinforcement system made of micro fibers of 
this work is based on mechanical principles, i.e based 
on the bond between the fiber and the soil so that the 
soil mix will be a fibrous material is not easily 
cracked. 
4. Effect of repeated cycles of wet - dry lead CIF levels 
increased during the wet cycle - the next dry, with 
cracks reappearing at the site of a wet cycle - initial 
dry. In addition, the dimensions of the crack appears 
to increase with increasing number of cycles of wet - 
dry. 
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